Introduction
Acute myeloid leukemia (AML) is a cytogenetically and molecularly heterogeneous disease characterized by clonal proliferation of myeloid precursors and maturation arrest, with accumulation of acquired genetic alterations in hematopoietic progenitor cells that disturb normal mechanisms of cell growth, proliferation and differentiation (Dohner 2005 ). The precise molecular origins of AML are unknown. The pathophysiologic mechanisms are multiple, act in concert, and probably are distinct in different types of AML. Inherited genetic predisposition and environmental mutagens such as radiation, drugs and other toxins all play a role in the development of AML (Solomon and Malkovska, 2005) .
Leukemogenesis in AML is a heterogeneous, multistep process, single genetic change is insufficient to cause AML by itself, and at least two different mutations must occur in the hematopoietic progenitor cell to transform it into a malignant cell initiating the development of a clonal AML blast population (Mrozek et al., 2007) . The resulting molecular alterations disrupt almost every facet of cell transformation. These processes include the inappropriate proliferation in the absence of normal growth signals, indefinite self-renewal in a manner analogous to a stem cell, escape from programmed cell death, inhibition of differentiation, aberrant cell cycle checkpoint control, genomic instability and multi-organ dissemination of leukemic cells (Lichtman and Sternberg, 2005) . The brain and acute leukemia, cytoplasmic (BAALC), which maps on chromosome 8 at 8q22.3, was originally observed in the neuroderm and its expression was reported as a hematopoietic precursor, such as the early hematopoietic cells of cluster of differentiation 34+ . BAALC expression was higher in bone marrow compared to blood. In addition, high levels of BAALC expression were present in leukemic blasts in subsets of acute lymphoblastic leukemia (ALL) and AML patients with a normal karyotype (Bienz et al., 2005) , it may act as an adverse prognostic factor through prompting proliferation and inhibiting apoptosis in leukemia cells (Bing et al., 2012) .
The site and cellular mechanism(s) of the effects of the BAALC gene are unclear, thereby possibly resulting in differentiation failure caused by cell shape, motility and adhesion in the association between cells (Tanner et al., 2001) . Subsequent research has shown that the highly expressed BAALC gene is associated with minimal residual disease, which leads to a low complete remission (CR) rate and overall survival (OS).
The ERG (ETS related gene 1) gene belongs to the erythroblast transformation-specific (ETS) family of transcription factors, and is located on chromosome 21q22.2 (Oikawa and Yamada, 2003) . ERG and other members of the same family are downstream regulators of mitogenic signal transduction pathways. They are key regulators of embryonic development, cell proliferation, differentiation, angiogenesis, inflammation, and apoptosis (Loughran et al., 2008) .
ERG, plays an important role in early hematopoiesis and hematopoietic stem cell (HSC) maintenance (Taoudi et al., 2011) . ERG is also part of fusion proteins in solid tumors such as prostate cancer (Klezovitch et al., 2008) , Ewing Sarcoma (Sorensen et al., 1994) and in acute myeloid leukemia (AML) (Kong et al., 1997) .
In acute leukemia, high ERG mRNA expression levels are an independent prognostic factor. Studies have demonstrated that increased ERG expression is associated with poor prognosis in cytogenetically normal AML (Eid et al., 2010) and in adult T-ALL .
In this study we aimed to evaluate the expression of BAALC and ERG genes in leukemic cells from newly diagnosed acute myeloid leukemia patients, and correlate data with their significance in disease progression, response to treatment and survival as well as their potential use as target molecules in therapy.
Materials and Methods
This study was carried out on 50 newly diagnosed acute myeloid leukemia cases, who presented to the medical oncology clinics, National Cancer Institute, Cairo University, during the period from February 2010 to March 2012 with ten healthy age and sex matched controls were included in the study.
A Written informed consent was approved by the Institutional Review board (IRB) ethical committee of the NCI which follows the rules of Helsinki IRB was obtained from each patient before starting the data collection. For the sake of patient's privacy, they were given code numbers.
Morphological and immunophenotypic analysis
Morphologic analysis of bone marrow (BM) smear preparations was carried out at the Hematology Unit of the Clinical Pathology Department at the National Cancer Institute, Cairo University, Egypt.
A bone marrow aspirate is part of the routine diagnostic work-up of a patient with suspected AML. The panel considers a marrow trephine biopsy optional, but it should be performed in patients with a dry tap.
Blood and marrow smears are morphologically examined using a May-Gru¨nwald Giemsa or a WrightGiemsa stain. It is recommended that at least 200 leukocytes on blood smears and 500 nucleated cells on marrow smears be counted, with the latter containing spicules. For a diagnosis of AML according to WHO proposal (Vardiman et al., 2009) 
RNA Isolation and Complementary DNA Synthesis
Pretreatead BM samples were available from 50 AML patients and 10 healthy controls. Bone marrow mononuclear cells (BMMCs) were extracted from 1-2 ml EDTA blood cells, (they were obtained by gradient density centrifugation using Ficoll-Hypaque 1077 (Sigma). Cell pellets were kept at -80°C until RNA extraction was performed. Extraction of total RNA from mononuclear cells was carried out using the QIA-amp RNA blood Mini Kit (QIAGEN, Hilden, Germany) 
Quantitative real-time reverse -transcription -polymerase chain reaction (RT-PCR) amplification of BAALC, ERG
Complementary DNA and amplification of nucleic acid by ( One Step RT-PCR sequence detection system supplied by Applied Bio-systems AB Co. ) using the following sequence : The RT-PCR primers and Taqman probes for BAALC and ERG genes sets were developed using Primer Express® software, using the following primers as follows:
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BAALC Probe
Commercially available primers and probes for GAPDH and β -Actin mRNA were used for normalization (Applied Bio-systems). PCR reactions were performed on The Applied Bio-system Step One Plus Real-Time PCR Systems (Applied Bio-systems). DNA replication was detected with dual labeled fluorogenic hybridization probes using the following technique:
The PCR reactions were carried out in a total volume of 25ul for each reaction of which 5ul of c DNA was used 20ul of universal Taqman master mix+ forward & reverse primer & 1/2ul of which are the fluorogenic probes .The reaction was carried out using the following thermal cycle reaction 2minutes at 25 o C, 95 o C for 10 min 95 o C for 15 seconds 60 o C for 1 min. The relative expression of both genes was determined using comparative CT method for the samples in relation to expression of GAPDH (∆ CT = gene CT -GAPDH CT). If the gene expression failed to reach the software threshold sample is considered negative & if GAPDH amplification fails the sample was omitted. The CT is reversely related to the amount of target molecules in the reaction.
Data analysis
The threshold cycle data (Ct) and baselines were determined using auto settings. The relative quantification of BAALC and ERG expression was calculated using the comparative CT method (2 -ΔΔCT ) where ΔΔCT is the difference of ΔCT value between the leukemia and the control (ΔΔCT = ΔCT leukemia gene -ΔCT control gene), and ΔCT is the difference of CT value between the target (gene) and endogenous reference (GAPDH) gene (ΔCT = CT Target gene -GAPDH gene).
Statistical analysis:
Data management and analysis were performed using the Statistical Analysis System (SPSS) software. The study of prevalence of the studied marker among the studied groups was done by using Fisher Exact test. Comparison of groups with respect to numerical variables was done using the Mann Whitney test.
All p-values were two sided. P-values ≤0.05 were considered significant. Sensitivity, specificity and diagnostic accuracy were the validity measures used for testing the studied parameter as diagnostic tools for AML.
Results
Fifty de novo adult acute myeloid leukemia patients and ten healthy age and sex matched controls were included in this study who presented to the National Cancer Institute, in the period between February 2010 and March 2012. They were 26 females (26/50) (52%) and 24 males (24/50) (48%), their ages ranged from 16 to 72 with a median of 38 years. The clinico-hematological characteristics, FAB classification and immunophenotyping of the 50 adult AML patients included in this study are shown in Table1. BAALC and ERG m-RNA was studied in the 50 AML patients and 10 healthy controls, none of the studied controls expressed BAALC or ERG m-RNA transcript. We defined our patient subgroups as high and low expressers for each gene. The median was taken as a cut off value (10.4 for BAALC and 65.9 for ERG) below it the patient is considered as low expresser and above it, the patient is high expresser. For BAALC gene, 26/50 (52%) patients were high expressers compared to 24/50 (48%) were low BAALC expressers. As regarding ERG gene, 26/50 (52%) patients were high expressers compared to 24/50 (48%) were low expressers. Table 2 . Represents the hematological parameters, FAB classification and immunophenotyping in relation to high and low expressions for BAALC and ERG genes. There was no statistically significant difference between high and low expressions for both genes except with age (p=0.004 and 0.019 respectively) and with the different subtypes of FAB classification regarding ERG expression (p=0.058) (Figures 1, 2) .
Regarding the complete response rate, in our study, CR 
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CR compared to (13/23, 56.5%). However this difference couldn't reach a statistical significant level (p=0.676). Considering ERG expression, there was a statistical significant difference (p=0.028), patients who had high ERG expression (6/26, 23%), achieved CR compared to the (20/26, 77%) that failed to achieve CR. On the other hand, the patients that showed low ERG expression (13/23, 56.5%) achieved CR compared to those (10/23, 43.5%) who failed to achieve CR Table4, (Figure3).
In our study, the 2 years survival was 19.7% with a median of 3.75 months. Among clinical and hematological variables only age (Figure4), BM blasts and FAB classification showed a statistical significant difference with median survival (p=<0.001, 0.045 and 0.041 respectively) Table5.
Finally, we analyzed the overall survival with the expression levels of BAALC and ERG genes. There was a statistical significant difference in their expression level with median survival (p=<0.008 and 0 .025 respectively), in the group of patients with high BAALC expression (26/50, 52%), the median survival was 2.6 months compared to those patients with low expression level (24/50, 48%) their median survival was 5.52 months. In the same line, patients with high ERG expression (26/50, 52%) had a median survival of 2.4 months compared to those patients with low ERG expression level (24/50, 48%), their median survival was 5.6 months Table6
Discussion
Acute myeloid leukemia (AML) is a cytogenetically and molecularly heterogeneous disease characterized by clonal proliferation of myeloid precursors and maturation arrest, with accumulation of acquired genetic alterations in hematopoietic progenitor cells that disturb normal mechanisms of cell growth, proliferation and differentiation (Dohner 2005) .
In recent years, the situation has become more complicated because of the description of several novel prognostic factors, including molecular markers such as gene mutations or changes in the level of gene expression to risk-stratify patients with AML. With the number of molecular markers increasing, it is important to investigate each of these markers not only separately but also in relation to each other.
In our study, we did not detect BAALC and ERG m-RNA transcripts, by real time RT-PCR, in normal bone marrow cells obtained from 10 healthy controls.
Our results is near to what was found by in their 2 large studies (86 and 307 adult de novo AML patients) by the same technique (real time RT-PCR). They showed that BAALC transcripts were expressed in very low levels in unsorted bone marrow cells. They proved that BAALC expression is restricted to CD34+ hematopoietic progenitor cells by Immunohistochemistry, proved the granular cytoplasmic localization of the protein. So BAALC can be considered as a marker for lineage-committed and uncommitted hematopoietic progenitor cells.
On the same line, (Bienz et al., 2005; Yang et al., 2015) had found a low but detectable level of expression within the healthy normal controls for both genes.
In addition, the previous four articles studied the level of BAALC in both PB and BM, the first 2 studies revealed higher BAALC expression in BM as compared to PB while 3rd one found no difference in both BM and PB.
Increasing our control size may help to detect higher level of expression. In addition, measurement of BAALC expression is recommended in peripheral blood to avoid contamination with CD34+ cells that physiologically By using different techniques in gene expression, there is generally a good correlation between expression ratios measured by q PCR and by those obtained from oligonucleotide microarrays. However, most of the analysis relied on relative expression differences between samples and not on absolute expression levels (Draghici et al., 2006; Langer et al., 2008; Metzeler et al., 2009) .
However, additional standardization of the methods used to determine both gene expression levels is important to establish a more sensitive and reliable technique for identification.
In this study a significant correlation was found between high BAALC and ERG gene expression with age (p=0.004 and 0.019 respectively). High BAALC and ERG expressers were included more in the group of patients≥45 years.
Our results are not consistent with that encountered by (Bienz et al., 2005; Metzeler et al., 2009 ) who found no significant difference between expression level of BAALC, ERG and age with a cut off of (60y) (median age of 49 and 59 years, respectively). However in a study of (Schwind et al., 2010) , they found that older patients with favorable molecular risk factors, such as low BAALC and/or ERG expression, if treated more intensively, might have outcomes comparable with those of younger patients with corresponding molecular features.
So increasing our sample size with more age variation may confirm or exclude such correlation.
Regarding other clinical variables, no significant correlation was found between level of BAALC, ERG gene expression with sex, lymphadenopathy, splenomegaly and/or hepatomegaly.
About patients' hematological data, there was no statistical difference between high BAALC gene expression and TLC, HB level, Platelet count, PB and BM blasts. This is consistent with Metzeler et al., 2009 ) except for the PB blasts, they found that patients with high BAALC expression showed higher percentage of circulating PB blasts.
As regarding the TLC, our results is in agreement with (Bienz et al., 2005) while on the contrary with (Metzeler et al., 2009 ) who found a statistical significant difference between high BAALC expressers and high TLC count.
Same results were obtained for ERG gene, there was no significant difference between high ERG gene expression and TLC, HB level, Platelet count, PB and BM blasts. Differences in sample size and techniques used to asses such genes may affect these differences.
According to FAB sub-classification of our AML patients, we found that those with M0, M1, M2 subtypes had higher levels of BAALC (although it did not reach a statistical significant level)(p=0.112), and ERG transcripts (p=0.058) (statistically significant). However, those with M4 and M5 had lower levels of BAALC and ERG transcripts.
Our finding is in accordance with Bienz et al., 2005; Langer et al., 2008; Metzeler et al., 2009) .
This proves that BAALC and ERG mainly belongs to M0, M1, M2 FAB subtypes and less expressed in more differentiated subtypes of AML and may confirm partially the physiological expression of BAALC in CD34+ cells. On the other hand there was no statistical significant correlation between BAALC and ERG gene expression with any of the immunophenotyping markers as CD34, CD117, or aberrant lymphoid markers.
These results do not go in line with (Heuser et al., 2005; Langer et al., 2008) who found that high BAALC expression was positively related with CD34 positive patients. The notion of BAALC as a marker of hematopoietic progenitor cells is further supported by other results as high BAALC expression was associated with genes found up-regulated in undifferentiated hematopoietic cells (CD 133, CD34, KIT, NPR3, JUP, C5orf23, FZD6, B4GALT6, CRYGD, PLAGL1, ITM2C) (Toren et al., 2005; Jaatinen et al., 2006; Langer et al., 2008) .
A comprehensive study of large number of cases together with standardization of the technique used for measurement of BAALC gene is recommended to confirm this finding.
In our study, considering the response rate, although patients with high BAALC expression were less likely to achieve CR than those with low expression levels, however, this difference did not reach a statistically significant level(p=0.676).
In agreement with our study (Bienz et al., 2005; Langer et al., 2008; Langer et al., 2009; Schwind et al., 2010; Eisfeld et al., 2012) . In addition (Langer et al., 2009 ) stated that patients with high BAALC expression were almost twice as likely to die as those with low BAALC expression. He found together with (Santamaria et al., 2009; Schwind et al., 2010 ) that higher BAALC expression is associated with higher relapse rate, higher incidence of Flt-3 expression, higher ERG expression and other factors as the multidrug resistance gene ABCB1 (MDR1) were identified as highly up-regulated genes in high BAALC expressers, which is consistent with the resistant disease associated with these patients.
As for ERG, a statistical significant correlation was detected between level of ERG expression and response to therapy. Patients with high ERG expression failed to achieve CR compared to those with low expression levels. This result supports that ERG expression is a valuable predictor for clinical outcome in patients with AML and is consistent with reports in other types of cancer (i.e. T-cell acute lymphoblastic leukemia and prostate cancer) Wang et al., 2006) .
Our findings is consistent with those reported by (Bienz et al., 2005; Marucci et al., 2005; Marucci et al., 2007; Metzeler et al., 2009; Santamaria et al., 2009; Schwind et al., 2010) .
Regarding the overall survival, there was a statistical significant difference between both BAALC and ERG expression level and the overall survival. We found that patients with high BAALC expression predict a significantly inferior overall survival compared to those with low expression level. The same findings concerning high ERG expression compared to low expression levels were found.
Our findings is consistent with (Tanner et al., 2001; Bienz et al., 2005; Marucci et al., 2005; Langer et al., 2009; Metzeler et al., 2009; Santamaria et al., 2009; Schwind et al., 2010; Eisfeld et al., 2012) . Langer et al., 2009 by himself found that high BAALC expression predicted poor OS independently from other genes such as Flt-3 ITD, NPM1 and CEBPA mutation status. This suggests that high BAALC and ERG expressions emerged as a strong negative prognostic markers that independently predicted shorter survival and confirms the adverse prognostic impact of BAALC and ERG in AML.
Interaction between BAALC and ERG expression: Finally, because there is a complex prognostic network constituted by different molecular markers in AML, we analyzed in our study the interaction between BAALC and ERG gene expressions, and we found no statistical significant correlation between both genes. Our results is not in agreement with (Marucci et al., 2005; Marucci et al., 2007; Langer et al., 2008; Metzeler et al., 2009; Santamaria et al., 2009 ) who found an association between the high expression of both genes.
The biological interaction between different genes and the recently discovered micro RNAs, may be a part of this dis-accordance as stated by (Eisfeld et al., 2012) . BAALC gene expression is associated with down-regulation of microRNA embedded in the HOX cluster (HOXA and HOXB gene) and up-regulation of miRNA-222, which is known to target the tyrosine kinase, KIT. BAALC gene is down-regulated in NPM1 mutated patients (Becker et al., 2010) .
On the other side, low ERG gene expression is associated with up-regulation of topoisomerase I and miRNA-148a and down-regulation of DNA-methyltransferases which, by its turn, may lead to new therapeutic strategies in AML patients (Schwind et al., 2010) .
In conclusion, our preliminary results for the analysis of the expression level of BAALC and ERG genes in bone marrow samples obtained from Egyptian AML patients showed both genes are specific significant molecular markers in disease progression, response to treatment and survival as well as might be of a potential use as target molecules in therapy. Additional studies of long-term clinical follow up and larger sample size are needed so that the statistical studies are more conclusive.
